teriological agar type AB-50889; Roko S.A., Spain) and autoclaved for 15 min at 120C and 98 KPa. IAA was filter-sterilized (0.45 µm pore size) and always added to the lukewarm medium after it had been autoclaved.
teriological agar type AB-50889; Roko S.A., Spain) and autoclaved for 15 min at 120C and 98 KPa. IAA was filter-sterilized (0.45 µm pore size) and always added to the lukewarm medium after it had been autoclaved.
All cultures were replicated at least six times in 95 × 50-mm baby-food glass jars containing 20 ml of culture medium and two to three explants per jar. The explants were cultured in a growth chamber at 25 ± 2C under a 16-h photoperiod (15.6 µmol•m -2
•s -1 , coolwhite fluorescent tubes). Percentage of callusing and organogenic responses and the number of shoot buds and developed shoots were recorded for each experiment 30 days after the experiment's initiation. Shoot bud primordia ≥5 mm long were considered as developed shoots.
Results were statistically evaluated using Pearson's χ 2 test for frequency (percentages) comparisons among treatments. All other comparisons were performed by one-way analysis of variance followed by a least significant difference test for comparisons among sample means.
Results and Discussion
Green calli were formed at the cut ends of horizontally placed petioles in the three media tested (Table 1) , all supplemented with 0.1 µM IAA and 4.5 µM zeatin. After 30 days of culture, the amount of callus produced was the lowest in St medium, with poor callus proliferation. Adventitious shoot buds grew on the surface of the neoformed callus. The frequency and number of adventitious shoot buds formed differed among the three media tested. Only calli produced on MS and K(h) were able to support bud formation. The most buds were obtained on K(h) medium (Table 1) . In view of these results, St medium was not used for callus subculture.
Explants in the upright and reversed upright positions produced callus at the cut end in contact with the culture medium in all the media tested; however, no adventitious buds formed.
Explants containing callus plus part of the petiole (type I) and callus alone (type II) were subcultured in K(h) and MS media. All media tested supported additional callus growth, adventitious shoot bud formation, and shoot deThe kiwifruit industry, which has become important in the last decade, depends on a single cultivar ('Hayward'), which is cultivated worldwide because of its fruit quality. Although there are no serious agricultural problems with this fruit crop, many traits are open for improvement (Ferguson et al., 1990) , including resistance to diseases and pests (Revilla et al., 1992) . The genetic improvement of such traits and the study of physiological characteristics of kiwifruit, such as functional dioecism, could be facilitated by the availability of reliable protocols for transgenic plant production. These protocols are based on reliable plant regeneration systems.
In Actinidia deliciosa, adventitious plants have been regenerated from stem segments of field-grown plants (Leva and Bertocci, 1988) , petiole segments of field-grown plants (Revilla and Power, 1988) , hypocotyl and stem segments from seedlings (Uematsu et al., 1991) , and leaf explants from in vitro-grown plants (Janssen and Gardner, 1993; Predieri et al., 1988; Rugini et al., 1991) . Protocols for plant transformation also are available using hypocotyl and stem segments (Uematsu et al., 1991) and leaf explants from in vitro-grown plants (Janssen and Gardner, 1993; Rugini et al., 1991) .
In our report, we describe a complete and reliable system for kiwifruit plant regeneration from callus induced on petioles of micropropagated plants. This system, which to our knowledge is being described for the first time, might be a useful alternative of regeneration for transformation of this species.
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Materials and Methods
Mature (5-year-old), field-grown, female kiwifruit ('Hayward') plants were micropropagated from shoot tips and were maintained in vitro as described by Standardi (1983) . Leaf petioles (10 to 15 mm long) were taken from the basal parts of microshoots >40 mm long from the eighth monthly subculture. Three positions of the kiwifruit explants onto the culture media were tested: horizontal, upright, and reversed upright.
Three basal media [K(h) (Cheng, 1975) , MS (Murashige and Skoog, 1962) and St (Standardi, 1983) ], each containing 0.1 µM IAA and 4.5 µM zeatin, were evaluated for callus induction. Callus proliferation was performed in K(h) and MS medium, either at fullor half-strength salts, containing 0.1 µM IAA and 4.5 or 2.25 µM zeatin. Two types of explants were isolated for transfer to induction medium independently based on the presence of visible buds on their surface. Type I consisted of callus with the primary explant, and type II was callus alone. Pieces (5 to 10 mm in diameter) of both types were transferred to MS or K(h) induction medium. In addition, pieces of type II explants were transferred to the same media, but the media contained half the mineral salts and zeatin concentrations.
For rooting, the basal part of isolated shoots (>10 mm long) was immersed in filter-sterilized IBA solution (5 mM) for 15 sec, followed by transfer to half-strength K(h) basal medium. Regenerated plants were transferred to a 1 sterile peat : 1 perlite (v/v) substrate in 95 × 50-mm baby-food glass jars for 10 days, with gradual opening of the glass cover. After that procedure, they were transferred to soil [1 peat : 1 perlite (v/v)] under a mist chamber (80% to 100% relative humidity) in a greenhouse.
All media contained 2% sucrose. Before autoclaving, the pH was adjusted to 5.5 for K(h) and St media and to 5.8 for MS media. They all were solidified with 0.7% agar (bac- Table 2 ). The combination of type II callus cultured on half-strength K(h) plus 2.25 µM zeatin was the only treatment that resulted in 100% shoot bud formation. More shoot buds were formed on callus cultured on the K(h) than on the MS-based media ( Table  2 ). The combination of K(h) plus 4.5 µM zeatin provided the highest number of shoot buds with both types of subcultured explants. The best treatment for shoot development was the use of type-I explant cultured on full-strength K(h) medium plus 4.5 µM zeatin (Table 2) . Callus then was subcultured monthly onto K(h) medium plus 0.1 µM IAA and 4.5 µM zeatin without any decrease of its morphogenic potential.
Our results clearly show that K(h) medium (Cheng, 1975) was the best for morphogenic callus induction from petioles of in vitrogrown kiwifruit plants. This result agrees with our previous results with nodal segments from mature plants of this species , in which K(h) also was the best medium for morphogenic callus induction. This medium has the same macronutrient composition as MS medium (Murashige and Skoog, 1962) , but its micronutrient and Fe concentrations are about half those in MS medium. Additionally, it has a more complex organic composition. All these differences can be related to the media's abilities to support adventitious bud formation from callus . St medium (Standardi, 1983) differs from the other media used principally in its macronutrient composition; N content and organic constituents are lower in St than in K(h) and MS media. However, micronutrient and Fe contents of St medium are about the same as in the K(h) medium. St medium has proven to be useful for direct morphogenesis in kiwifruit (Standardi, 1983; Revilla et al., 1992) , but its ability to support morphogenic callus formation and proliferation is low . Rooting in this species was possible, although at low rates (22% rooting and 3.1 roots per rooted shoot after 30 days of culture), using microshoots cultured in half-strength K(h) basal medium. However, when the shoot bases were immersed in an IBA solution, an increased rooting percentage (82%) and number of roots per rooted shoot (7.3) were obtained after 30 days of culture. Plant survival in the greenhouse was successfully achieved (97%) independent of how the shoots were obtained (culture medium, type of callus).
We have devised an easy protocol for plant regeneration from petioles of in vitro-grown 'Hayward' kiwifruit plants. This protocol provides an alternative source of starting material from selected mature trees for transformation experiments. Using these explants, K(h) medium with 0.1 µM IAA and 4.5 µM zeatin was a good support for callogenic and morphogenic response. The induced calli can be proliferated successfully, providing a number of shoot buds that can be developed into shoots amenable to rooting and transfer to soil. Because transformation of kiwifruit does not seem to be a problem (Janssen and Gardner, 1993; Rugini et al., 1991; Uematsu et al., 1991) , the way is open to the genetic improvement of this economically important species. 
